A wide variety of experimental studies have indicated that the stability of genes to mutagenic radiations resides, to a large extent, in the inherent nature of the individual genes, and is independent of extrinsic factors to which the genes can be experimentally exposed. While it is known that the same genes may respond differentially to x-rays when in different tissues, e.g., spermatogonia as opposed to mature spermatozoa,3 the rather constant rate of mutability of individual genes, and even of alleles of the same gene, is somewhat surprising since a rather diverse group of supplementary treatments have been shown to influence the rate of detectable x-ray-induced chromosomal rearrangements, and since it also is known that for this type of radiation there exists a close, if unresolved, relationship between rearrangements and mutations.4 Even when the x-ray-induced frequency of mutations can be increased by non-mutagenic supplementary treatments such as low temperatures," infra-red6 and by high versus low intensities,7 or decreased by exposure in vacuo,' the conclusion that these data reveal a dependence of genic stability upon environmental factors is open to suspicion. Such induced mutations and, in particular, the recessive lethals as found in Drosophila, do not form a homogeneous group, some being associated with chromosome breakage, others ostensibly not, and some being reversible, others not.
The mutations induced by ultra-violet radiation are less suspect of being associated with chromosomal rearrangements, ultra-violet being incapable of inducing the variety of intra-and inter-chromosomal changes characteristically produced by x-radiation.' 10 Therefore, when it was found" that a 30-minute pretreatment of the spores of Aspergillus terreus with a nonmutagenic aqueous concentration (0.1%) of nitrogen mustard greatly increased the mutability of the genes to ultra-violet (2537 A), it appeared that the technique offered an opportunity to investigate further the possibility of materially altering the stability of the genes to subsequent exposure to ultra-violet. In the above experiment, only morphological mutations were considered, and since A. terreus possesses no known sexual stage, the genetic analysis could be carried no further. Consequently, some doubt remained concerning the classification of morphological mutation as true point mutations, and a more refined approach to the question of altered mutability was needed. Additional experiments were therefore carried out on a microconidial strain of Neurospora crassa.12 The frequency of both morphological and biochemical mutations was determnined, but rather than test the morphological mutations for their transmissibility and possible associated sterility by means of the ascospore-isolation technique, the biochemical mutations because of their homogeneity were considered to be as close an approximation to true point mutations as was possible. Most of them can be readily mapped, I and many of them are reversible in nature.14 There is also less likelihood that terminal deletions, which are the type of chromosomal change predominantly induced by ultra-violet, would lead to viable biochemical mutations without associated morphological change in a haploid organism such as Neurospora.
The technique of treating the spores with ultra-violet has been described. Table 1 summarizes the data dealing with the frequency of morphological mutations. These were recognized by their effect on the growth characteristics of the colonies on a complete medium. Very few color mutants were observed because of the albinistic nature of the strain. There was no increase in the frequency of morphological mutations when transfer was made to the minimal medium, indicating that this type of mutant was not dependent upon any simple biochemical requirement.
Unlike A. terreus, this microconidial strain was sufficiently sensitive to the 0.1% concentration of nitrogen mustard to yield a percentage of mutations more than twice that of the untreated controls, an increase, however, which was not significant at the 1% level. Except for the 121/2-minute series, the mustard-ultra-violet treatments showed a highly significant in- crease in frequency of mutations over that obtained from the ultra-violet controls. These data are in substantial agreement with similar data obtained from A. terreus,11 where the mustard pretreatments gave high increases at the low ultra-violet dosages, raised the peak of the mutation curve and caused a more abrupt decline in frequency at the higher dosages. The microconidia, however, were so much more sensitive to ultra-violet than were the spores of A. terreus that it was not possible to obtain large numbers of isolates at the higher dosage levels, with the consequence that the rate of decline in frequency for the two series could not be compared. Table 2 summarizes the data dealing with the frequency of biochemical mutations. Since no comparable data of this sort have been previously published, figure 1 is included for graphic purposes. Neither the untreated nor the mustard control series yielded any mutations of this nature. A consistently higher frequency was obtained from all of the mustardultra-violet treatments as compared with their respective ultra-violet controls, but unlike the downward trend found in the rate of morphological mutations no fall in frequency of biochemical mutations was evident. The mustard-ultra-violet rate continued to rise throughout the range of dosages employed, while the ultra-violet controls reached a peak at the 7V/2-minute dosage, and continued at the same level through the 10-and 12'/2-minute intervals. Whether an eventual decline in frequency would take place at ULTRAVIOLET TREATMENT-MINUTES FIGURE 1
Frequency of morphological and biochemical mutations in Neurospora crassa as a function of ultra-violet dosage. still higher dosages could not be determined because of the very low survival rate of the microconidia.
Of the five ultra-violet dosages recorded in table 2, only the 121/2-minute series showed a highly significant increase with the mustard pretreatment, with the 10-minute series being significant at the 5% level only. The remaining three dosages gave no individually significant increases, but the summated chi-square values for the five series, as computed by means of a five-place contingency table, yielded a P value of < 0.01.
It appears reasonably certain, therefore, that the frequency of both morphological and biochemical mutations can be materially altered by pretreatment with a non-mutagenic concentration of nitrogen mustard. It is not possible to state what the nature of the sensitization mechanism might be, but there can be little doubt that the frequency of mutation under these experimental conditions is not solely a function of the amount of radiant energy absorbed. Whether the altered frequency has resulted from an altered stability of the genes, or from an altered frequency of extragenic changes which have a phenotypic expression (e.g., position effects), could not be determined with absolute certainty, but the data on biochemical mutations, which represent a relatively homogeneous group, and the known action of ultra-violet on genes and chromosomes, suggest that the former alternative is more likely the correct one.
The data on the frequency of biochemical mutations as a function of dosage also have a bearing on the interpretation of the shape of the morphological mutation curve. It has been proposed that the decline in frequency of morphological mutations at the higher dosages of ultra-violet results from a selective killing action which favors the non-mutated spores, i.e., the deleterious action of the ultra-violet on the cytoplasm makes more difficult the germination and growth of the mutated spores.6' 16, 17 On this hypothesis, the biochemical mutations, being essentially wild type when grown on a complete medium, should possess no selective disadvantage, and should continue to increase as the dosage is increased. Support for this is provided by the data in table 2 where no fall in frequency of biochemical mutations was found at dosages where the morphological frequency was declining, although a leveling off of mutation rate is found for the ultra-violet control series.
Summary.-Pretreatment of the microconidia of Neurospora crassa with a relatively non-mutagenic concentration of nitrogen mustard alters the stability of the genes in such a manner as to increase significantly the effectiveness of ultra-violet in inducing morphological and biochemical mutations. It is suggested that the increased frequency of mutations results from an increased frequency of intra-genic rather than extra-genic (chromosomal) alterations. Introduction.-In the original report on the auto correlation analysis of ocean wave data the apparent advantages of that method over periodogram and Fourier series applications to finite amounts of data were brought out. Because of practical restrictions in that only finite amounts of observational data are available for study, the fitting of wave heights as functions of time by means of trigonometric components is only in special circumstances suitable for describing the physical characteristics of the data itself. In the case of ocean wave data, a priori knowledge of frequency is not available, and results from this type of analysis have resulted in claims that sea surface roughness patterns are composed of large numbers of frequencies which have traveled with independent velocities from their regions of generation. In other words, mathematical representations of the data have been assumed to be physically significant, a situation which may lead to apparent misconceptions of the behavior of the phenomenon and of the dynamics causing it. In fact, the fitting of data by any of the various methods of cycle analyses, in the absence of a priori knowledge of the physical properties, is no more effective than the fitting of that same data, say, by orthogonal polynomials.2
It appears that the problem of understanding the behavior of a physical phenomenon which varies with time is directly associated with that of pre-
